During corn industrial dry milling, a residue rich in dietary fibers is generated. This study aimed to evaluate the effects of micronized corn fiber (MCF) as part of a cafeteria diet in the macronutrient metabolism and body weight. Wistar male rats, with initial body weight of 249 ± 14 g (n = 13), received AON-93M diet (Group 1) or cafeteria diet (Groups 2, 3 and 4), composed of commercial ration, cookies, fried potato sticks, milk chocolate, bacon and chicken liver pâté. Groups 3 and 4 received MCF to replace 100 and 50% of the cellulose from the AON-93M diet, respectively. After 35 days, blood, tissues and feces were collected. Data were analyzed by ANDVA followed by Tukey test (p < 0.10). The weight gain of the animals increased by 25.9%, 20.8% and 22.0%, when fed cafeteria diet or 100 and 50% of MCF respectively, compared to the control group, although food consumption did not differ between them. Body weight and food efficiency ratio did not differ between the groups fed cafeteria diet with or without MCF. The addition of MCF to the cafeteria diet did not alter the animal lipid profile and glycemia, however, the accumulation of lipids in their livers was similar to the control group. The intake of 100% MCF resulted in higher fecal weight and fecal excretion of lipids, and lower fecal nitrogen, lipid absorption and lipid deposition in the liver than the cafeteria diet. On conclusion, MCF has a potential to improve intestinal transit and lipid excretion, but showed no benefit on blood lipid and glucose levels.
Introduction
On Brazil, corn is consumed in the form of grains and their derivatives resulting from dry milling. On this processing, anatomical parts of the corn (endosperm, pericarp and germ) are mechanically separated (Gonçalves et al., 2003; Paes, 2008) . The pericarp, fraction that coats the grain, is transformed into a residue, consisting essentially of hemicellulose, cellulose and lignin (>95% of crude fiber). This product has been used as a source of insoluble dietary fibers in bread industry and farinaceous products ready for use in Europe and North America (Sugawara et al., 1991) . On Brazil, however, the use of corn fiber has been directed primarily to animal feeding (Alessi et al., 2003; Callegaro et al., 2005; Paes, 2008; Dliveira et al., 2014) , with no added value to the product.
Onsoluble dietary fibers are important in providing the mass required for the peristaltic action of the intestine (Rique et al., 2002) , since they remain intact along the digestive tract (Moraes & Colla, 2006) . Furthermore, they promote the reduction of energy nutrient absorption and increase the fecal bulk, which may increase satiety and reduce food intake (Costa & Martino, 2008) .
Soluble and insoluble fiber help reducing body weight and composition, contributing to the control of obesity, multifactorial disease resulting from a positive energy balance; and that seems to have a strong association with excess body fat and morbimortality. Dbesity is considered a low intensity chronic inflammation (Li et al., 2008) and is related to pathologies such as hypertension, type 2 diabetes mellitus, coronary artery disease, chronic obstructive pulmonary disease, certain types of cancer (Halpern et al., 2004; Duarte et al., 2006) and non-alcoholic hepatic steatosis (NASH) (Love-Dsborne et al., 2008) . The deposition of visceral fat, associated to the increase in free fatty acids levels in the portal circulation and insulin resistance are considered risk factors for the onset of diabetes mellitus and cardiovascular diseases (Duchesne, 2001) . Thus, reduced abdominal fat deposition has a positive impact in lowering the risk of chronic diseases associated with the metabolic syndrome.
Cafeteria, high-calorie and high-fat diets are generally associated with overweight, as a high lipid intake might be the key for the development of obesity (Campión & Martinez, 2004) . On this sense, the objective of the present study was to evaluate
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Materials and methods

Animals and diets
This study was approved by the Ethics Committee on Animal Experimentation of the Federal University of Minas Gerais, Brazil. Ot was used 52 adult male Wistar rats (Rattus novergicus, Albinus variety, Rodentia class), with initial weight of 249 ± 14 g, approximately 54 days old. These animals were kept in individual stainless steel cages for a period of 35 days, in an environment with controlled temperature at 22 ± 2 °C and 12-hour photoperiod. The animals received water and diet ad libitum.
The rats were divided into four groups (n=13), control AON-93M diet (G1), cafeteria diet (G2), cafeteria + 100% MCF (G3), and cafeteria + 50% MCF (G4). Microcrystalline cellulose, used in the control diet as a source of dietary fiber, was replaced by MCF in groups 3 and 4. The MCF presented 73.4% of total dietary fiber, with 72.7% of insoluble fiber and 0.67% of soluble fiber (Dliveira et al., 2014) .
The composition of the experimental diets is presented in Table 1 . The diet of group 1 was based on AON-93M (Reeves et al., 1993) , while the cafeteria diet was adapted from Milagro et al. (2006) and presented the following ingredients commercial ration, cookies, fried potato sticks, milk chocolate, bacon and chicken liver paté.
The commercial ration, the cookies, the potato, the chocolate and the bacon were purchased in the local market, while the pâté was obtained by cooking the chicken liver and later processing with butter in appropriate proportions (960I:350 g, respectively)
in a domestic multiprocessor. Then all ingredients, including the MCF in concentrations of 50 and 100%, were mixed, smashed and pelletized. These were weighed, packed in polyethylene bags, identified and stored at 10 °C. The amount of corn residue was calculated by the concentration of total dietary fiber in the control diet, so that the test diets (G3 and G4) provided 100% and 50% of dietary fiber, respectively, of that provided by the AON-93M diet.
Moisture, ash, lipids and proteins were determined according to ADAC (Association of Dfficial Analytical Chemists, 1984), and dietary fiber by the method described in ADAC (Association of Dfficial Analytical Chemists, 1997). The total carbohydrates content was calculated by reducing the other nutrients (lipids, proteins, moisture, ash and dietary fiber) on a dry basis of 100. Cholesterol and saturated fatty acids contents of cafeteria diets with 100 and 50% MCF were obtained from the Brazilian 
Tissue, feces and blood analysis
At the end of the experimental period, the animals were sacrificed under CD 2 inhalation after fasting for 12h. Blood was collected by heart puncture and serum was obtained by centrifugation at 2.400 x g for 15 min (Centrifuge Fanem, SP -Brazil).
The liver of the animals was removed, washed in Phosphate Buffered Saline (PBS), weighed on the scale (Bioprecisa-BS3000A), accuracy of 0.1 g. After weighing, the right lobe was removed and stored. The rest of the organ was conditioned on previously identified aluminum foil and stored in an ultra-freezer (ThermoScientific) at -80 °C, for further determination of total lipids.
The stool collection was performed in the last week of the experiment, for a period of five consecutive days. The feces were collected in plastic bottles with lids and stored in a refrigerator at 10 °C for analyzes of moisture, proteins, lipids and percentage of absorbed lipids, as described above.
The percentage of lipid absorption was calculated by the balance between lipid intake during the five days of stool collection and fecal lipids of the same period.
Serum glucose, total cholesterol and triacylglycerols were analyzed in duplicate by colorimetric enzymatic method, using a commercial kit (Bioclin ® , Brazil), in the Automatic Analyzer of Biochemistry (Model BS200, Mindray).
Glycosylated hemoglobin was manually dosed by the cation exchange method in tubes, using a commercial kit (Katal ® , Brazil).
HDL was measured by the colorimetric enzymatic method, by using a commercial kit (Bioclin ® , Brazil). Very low density lipoproteins (VLDL) and low density lipoproteins (LDL) were precipitated with the mixture of phosphotungstic acid and magnesium chloride. After centrifugation, the cholesterol associated with the high density lipoprotein (HDL) was determined in the supernatant by the colorimetric enzymatic method. The tests were performed in duplicate. For the extraction of total lipids in the liver, it was used the technique proposed by Folch et al. (1957) .
Statistical analysis
Data were submitted to the Kolmogorov-Smirnov normality test. For the comparisons between three or more independent groups, the analysis of variance ANDVA was used, complemented by Tukey's multiple mean comparison test, p < 0.10. Data were analyzed using the System for Statistical Analysis (SAEG) software, version 9.1 (2007) for statistical analysis.
Results and discussion
The cafeteria diet is characterized by high content of lipids and digestible carbohydrates and low dietary fiber content ( Table 2 ).
The experimental group that received a cafeteria diet presented higher weight gain when compared to the control Group. The weight gain of groups G3 and G4 did not differ from the control Group (Table 3) . Similar results have been found in the literature, where it was not observed any differences in the weight gain and the final weight of the animals when they were fed with peel of corn and corn bran (Vidal-Quintanar et al., 1997; Ebihara & Nakamoto, 2001 ).
The animal livers weight did not differ between groups (Table 4) , whereas the lipid concentration in the liver was higher for the group with cafeteria diet, compared to the control group. The groups with addition of 50 and 100% MCF, however, did not differ neither from the control group nor from the cafeteria diet, regarding the deposition of lipids in the liver.
Animals fed with the cafeteria diet showed a higher percentage of lipids in their feces, compared to the control group (Table 5) , which could be justified by the excess of lipids in the diet. When adjusted by the excreted feces concentration, the 100% MCF diet promoted lower lipid absorption and, consequently, higher fecal lipid excretion, compared to the cafeteria diet and 50% MCF groups. This higher lipid excretion in the feces, however, did not promote changes in weight gain of the animals (Table 3) and in the lipid deposition in the liver (Table 4 ). The corn fiber may have reduced fat absorption at the intestinal level, reducing its deposition in the liver tissue or increasing its excretion via the bile duct in the enterohepatic circulation. The addition of MCF to the cafeteria diet did not seem to have reduced the protein digestibility of the diet, on the contrary, the diets with 50 and 100% MCF promoted lower fecal nitrogen excretion than the cafeteria diet (Table 5) , although this excretion was higher in these groups compared to the control diet. Table 6 shows the average rates for glycemic and lipid profiles. The glycemic levels did not differ among the experimental groups. However, the values found for glycosylated hemoglobin (HB A1c ) were higher (p < 0.10) for the groups with cafeteria diet, irrespective to the addition of MCF, when compared with the control group.
Total cholesterol levels of the groups fed cafeteria diet with or without MCF were lower than the control Group, and no significant difference was observed between the groups fed cafeteria diets. Hu et al. (2008) found a reduction in serum cholesterol levels when corn bran was added to the atherogenic diet in Sprague-Dawley rats, when compared to animals fed with the control diet over a six-week period. Vidal-Quintanar et al. (1997) found greater response in VLDL and LDL-cholesterol reduction in guinea pigs fed corn bran for 4 weeks. HDL-cholesterol values followed the same pattern of total cholesterol. However, the HDL/total cholesterol ratio did not differ between groups, showing that the cafeteria diet with or without addition of MCF did not present atherogenic effect. Serum levels of triacylglycerols (TG) did not differ between the cafeteria diet group and the control group (Table 6) . Similar results were shown by Li et al. (2008) , when the rats evaluated with diet-induced obesity presented small, but non-significant, elevations of plasma triglycerides when compared to lean rats.
Animals that received the cafeteria diet with or without addition of MCF did not present differences in TG, CDL and HDL concentrations, demonstrating that the corn residue has no influence on the plasma lipid profile when added to the cafeteria diet. Similar results were verified in rats by Vidal-Quintanar et al. (1997) , however, Hu et al. (2008) found a reduction in this index when the animals received 100% of recommendations in the form of corn bran, although the values of TG for the animals with corn residue diet were lower than the control group.
Conclusions
The addition of 100% MCF to the cafeteria diet did not influence the weight gain, and the deposition of lipids in the liver in the study model. Fibers added to the cafeteria diet, at different concentrations, in the form of micronized corn fiber, did not promote beneficial effects on glycemia, glycosylated hemoglobin, total cholesterol, HDL/cholesterol and triacylglycerols in rats.
The fecal weight increased with the addition of MCF in the diet, suggesting that an adequate consumption of dietary fiber in the form of this product may contribute to improve intestinal transit. Therefore, the MCF might consist in an alternative source of dietary fiber to aid the proper functioning of the intestinal tract when added to the diet. The results were expressed in mg/dL for all parameters, except for HDL/CDL ratio. Averages followed by at least one same letter in the column do not differ from each other at the 10% of probability level by the Tukey Test; MCF = Micronized corn fiber. Mean values followed by the same letter in the column do not differ from each other at the 10% of probability level by the Tukey Test; MCF = Micronized corn fiber.
